A isatina e seus derivados são conhecidos na literatura por possuírem uma diversidade de propriedades biológicas. O método de Sandmeyer é o mais utilizado para síntese de diferentes isatinas substituídas, geralmente com altos rendimentos. Apesar de eficiente, este método apresenta algumas limitações, tais como a formação de uma mistura de regioisômeros e baixos rendimentos dependendo do tipo e posição do substituinte presente no material de partida, a anilina. Para superar estas limitações, é preferível que alguns derivados de isatina sejam obtidos por métodos alternativos. Este artigo descreve a cloração de derivados da isatina empregando ácido tricloroisocianúrico [1,3,5-tricloro-1,3,5-triazina-2,4,6-(1H,3H,5H)-triona ou TCCA) em diferentes condições reacionais.
Introduction
Isatin is a natural compound found in plants of the genus Isatis 1 and in mammalian body fluids and tissues. This compound is distributed throughout the central nervous system and may be an endogenous modulator of food intake. [2] [3] [4] Isatin and its derivatives have been reported to possess antiviral, antinflammatory, antitumoral, anticonvulsant and sedative-hypnotic activities, [5] [6] [7] [8] and can be considered as versatile buildings blocks for the synthesis of a variety of pharmacologically active compounds.
The Sandmeyer method is the most common route to prepare isatins. 9 Despite its efficiency this method has some limitations, such as the formation of a mixture of regioisomers 10 and low yields, depending on the type and position of the substituent. But it fails whenever the isonitrosoacetanilides bearing electrodonating groups is used. In this case ring sulfonation occurs instead. 11 We have recently developed a new, efficient and fast methodology for the preparation of methoxyisatins in the presence of Lewis or Brønsted acids catalysts in different imidazolium based ionic liquids. 12 In continuation to our interest in the synthesis of chloroisatins, we describe herein the study of the chlorination of several substituted isatins with trichloroisocyanuric acid (TCCA).
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Results and Discussion
The aromatic chlorination of the isatin with trichloroisocyanuric acid (TCCA) using sulfuric acid as a catalyst, was previously studied, 14, 15 which showed the formation of 5-chloroisatin and 5,7-dichloroisatin in excellent yields. Therefore, we started our investigation reacting the 5-methylisatin (1), a monosubstituted derivative, with TCCA in sulfuric acid (H 2 SO 4 ). In this condition, we found the formation of polychlorinated products (Scheme 1), using molar ratio between (1) and TCCA 1:0.4, 1:1 and 1:1.5.
Thus, we have replaced the H 2 SO 4 by acetic acid (HOAc) in order to get a milder reaction conditions. The chlorination of (1), in HOAc, varying time and proportion isatin:TCCA furnished product N-chlorinated (1a) at different rates ( Table 1) .
As seen in the Table 1 , using the proportion TCCA 1:0.5 (entry 1), the conversion was 46%. The decrease of the molar ratio (entry 2) leads to an increase in the conversion.
To obtain higher conversions, the molar ratio 1:2 was used, varying the temperature and the reaction time (entries 3-6). These experiments showed that increases in the molar ratio and time do not influence the conversion rate. However, higher temperature (entry 6) resulted in lower conversion compared with the experiment in entry 3. The conversion does not change significantly with the increase of the molar ratio isatin:TCCA from 1:1 to 1:2.5 (entries 7-9).
Initially, the aromatic chlorination of (1) in position 7, using HOAc as catalyst was expected. The analysis of the mass spectrum of the product (Figure 1 ) revealed the occurrence of N-chlorination, rather than aromatic chlorination.
The reaction was also monitored by thin layer chromatography. The retention coefficient (R f ) of the compound N-chlorinated (0.48) is much higher than the substrate (0.24) using hexane/ethyl acetate 50% as eluent.
As the literature reported the N-chlorination of amides, carbamates and lactams with TCCA in acetone or chloroform, 16 we have examined the application of theses solvents in the chlorination of (1) with molar ratio 1:2 (isatin:TCCA). The conversion in acetone was 84% and 74% in chloroform. These conversions were equivalent to those obtained with HOAc. Although the conversions are similar, the procedure using HOAc is simpler and faster, since the addition of ice to the reaction medium at the end of the reaction affords a precipitate, which is filtered off.
We have next tested the same reaction in HOAc with isatin derivatives (Scheme 2 and Table 2 ) and the fragmentation standard of the products obtained again Table 1 . Chlorination of (1) a Gas chromatograph equipped with a flame ionization detector. Approximately 1 μL of sample was injected with a split ratio of 1/20, column DB-5. Initial temperature was 100 °C at 12°C min -1 until 210 °C for 10 min. The injector and detector temperature was 280 °C. Scheme 1. Chlorination of (1) with TCCA in H 2 SO 4 . showed the N-chlorination for isatin (2) . Nitroisatin with the nitro group at position 5 (3) did not react. The deactivated isatin 4 reacted at higher temperature (80-90 °C), but with low conversion. The fragmentation standard of (4b) revealed chlorination occurs at the aromatic ring. On the other hand N-methylisatin (5) and 7-methylisatin (6) gave excellent conversions (entries 7-10) at room temperature. The fragmentation proposal of the product (4b) and (5b) is showed in Scheme 3.
The first report of N-chlorination of isatins was done by Berti and Greci. 17 They also used HOAc, but the chlorination agent was 7% sodium hypochlorite (NaClO). This reagent was described as a new convenient oxidant. Whenever the isatin derivative presents a NH bond without substituent in position 7, the N-chlorination is favored (entries 1-3) . The experiments carried out with the N-methylisatin (5) and 7-methylisatin (6) (entries [7] [8] [9] [10] suggested that the use of acids promotes ring chlorination of isatin. Previous works showed that superelectrophiles could be involved in such processes. 15 In order to better understand the chlorination process of isatins with TCCA, we have carried out DFT calculations, at M06-2x/6-311++G(d,p) level, for the chlorination of parent isatin by TCCA (see supporting information for computational details). Figure 2 shows the computed van der Waals complex between TCCA and isatin.
Despite the original configuration the outcome of the optimization of the geometry leads to a complex involving the N-H and the carbonyl group of the isatin. This complex is 2.4 kcal mol -1 more stable in relation to the separated isatin and TCCA. The amide carbonyl group pointing into the TCCA ring indicates that this complex can be a donor-acceptor complex. Thus, this preliminary complex can lead to the preferred formation of the N-chloroisatin. For this purpose we have computed the relative stability of the several intermediates formed through the electrophilic addition of Cl + to isatin. Figure 3 presents these structures, with their relative energies.
It can be seen from the calculations that the most stable intermediate is C. The N-chlorination of the isatin leads to intermediate A, which is 23.4 kcal mol -1 higher in energy than C. This indicates that the N-chlorination should be a kinetically driven process. Considering that the relative stability of the arenium ions reflect the relative stability in the transition state prior to them, it can be seen that the pattern for the ring substitution is followed, i.e., ortho-para substituion in relation to the nitrogenated substituent.
Because of the possibility of involvement of superelectrophiles in the process when the reaction takes place at more acid solvents, we decided to go back to our investigations for the chlorination of some isatin derivatives in concentrated H 2 SO 4 . The results are showed in Table 3 .
When the isatins reacts in the presence of H 2 SO 4 the aromatic ring chlorination always occurs. Conversely, in HOAc, the N-chlorination takes place. In order to explain this result, we proceeded to the following experiment: (1a), the 5-methyl-N-chloroisatin obtained from the reaction of 5-methylisatin (1) in HOAc, was treated with H 2 SO 4 concentrated and stirred at room temperature for 4 h. After this period, ice was added to the reaction medium and the solid precipitate was filtered under vacuum and analyzed by gas chromatography mass spectrometry (GC-MS). The chromatogram and mass spectrum showed that under this condition, the reaction furnished a mixture of mono and dichlorinated products in the aromatic ring.
Therefore, we conclude that the N-chlorinated product should be formed as an intermediate for the reaction of chlorination in the aromatic ring. Once the acetic acid is not acid enough for lead to further protonate this chlorinated intermediate, the transfer of "Cl + " probably becomes difficult. Further evidence that the N-chlorinated isatin is actually a reaction intermediate is the tendency of the N-chloroisatins have of turning, in a few days, into their respective parent isatins. In order to confirm the formation of N-chlorinated compound and its reactivity toward other nucleophiles, an experiment of chlorination of anisole was performed, using isatin (1a) in HOAc. The products were analyzed by GC-MS and showed the formation of mono and dichlorinated methoxybenzene and isatin (1) .
The halogens Br and F are weak electron withdrawing groups. Thus, the isatin (2) and (7) had their aromatic rings (entries 2 and 4) chlorinated only at position 7 with molar ratio isatin:TCCA 1:1.
The trifluoromethyl group strongly deactivates the aromatic ring for electrophilic substitution aromatic and no product was formed in an attempt to chlorination isatin (4) at room temperature (entry 3). Ipso substitution on the aromatic ring was observed in isatins (8) and (9) (entries 5-7) (Scheme 4). Reaction with isatin (8) resulted in mixture of products. The product (8b) was expected (substitution at position 7) and product (8c) resulted from the ipso substitution at position 4 or 6.
Isatin (9) suffered cleavage of C-I bond furnishing product (9b), substituted in positions 5 and 7, when the molar ratio isatin:TCCA was 1:1. Mixture of products was obtained when the molar ratio was decreased to 1:0.4. In this case an ipso substitution also occurs providing the product (9b) and a common electrophilic aromatic substituition conducted to new product (9c) in 59% conversion.
Since we found that the substitution at the ipso position competes with the unsubstituted positions when the isatin has a bromine atom, we have investigated the same reaction with isatins (10) and (11) (entries 8 e 9). We could not detect products coming from ipso substitution in such cases. Isatin (10) did not react and isatin (11) resulted in substitution at positions 5 and 7, as expected.
The electron donating methoxy group in isatin (8) is probably, essential for the ipso substitution. For the isatin (9) , the substitution at ipso position can be explained in terms of the high lability of the C-I bond.
Conclusions
In conclusion, we performed a study on the behavior of substituted isatins in H 2 SO 4 and HOAc with TCCA. In HOAc we found that the formation of N-chlorinated products occurs at different reaction conditions since the isatin nitrogen has not replaced by a methyl group or a substituent in position 7. In H 2 SO 4 always occurs the chlorination of the aromatic ring. The methyl group in position 5 strongly activates the aromatic ring, resulting in a mixture of chlorinated products when the substrate is 5-methylisatin (1). Isatins with substituents electron withdrawing yield 1 product, except when there was competition for ipso substitution. The proposed methodology furnished the new pure compound (2b) and mixture of products also not previously reported in the literature, (8b), (8c), (9c), (11b) and (11c). The substances already reported (6b) and (7b) were obtained pure. Thus, we have shown that TCCA, a non toxic and inexpensive reagent, is an interesting alternative for the preparation of chlorinated isatins.
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